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Some of England's finest trout fishing is from the middle and lower 
reaches of the streams of the Upper Cretaceous chalklands that traverse 
the country from Dorset to Yorkshire. The upper reaches and tributaries 
of these chalk streams are often intermittent. The dry phase is of variable 
duration, dependent upon local climatic, geological and hydrological 
circumstances, but normally includes the period July to September. Such 
intermittent chalk streams are termed 'winterbournes' and their value to 
the fishery may be as spawning grounds and nursery areas. They are also 
likely to support their own peculiar invertebrate communities, both in 
their wet phase (Macan & Macan 1940) and their drying phase (Moon 
1956). Winterbournes are thus environments of particular conservational 
interest, and have been the focus of several contemporary ecological 
studies following the proliferation of groundwater development schemes. 
Chalk streams are almost entirely dependent upon groundwater for 
their natural discharge. In the past decade these underground resources 
have been increasingly exploited to supplement domestic and industrial 
water supplies in the summer months, and to maintain adequate flows in 
streams depleted by abstraction of water. The water abstracted from the 
aquifer is conveyed to the demand area either directly by pipeline or along 
natural streams. In either case, such schemes inevitably lead to 
modifications in the natural discharge of the stream, and nowhere more 
than in winterbourne reaches. Where abstracted water is added to the 
natural discharge of winterbournes the effects may be two-fold. Discharge 
downstream of the abstraction point will be supplemented, even to the 
extent of making an intermittent stream permanent, especially as the 
period of greatest demand in summer coincides with the natural dry period 
of winterbournes. In contrast, the summer depletion of the water table 
may reduce the duration and the amplitude of winter discharge by 
delaying the natural issuing of the springs that supply the stream. This 
effect is most likely to be felt in the upper reaches where higher 
groundwater levels are necessary to promote flow. 
If abstracted water is added to a natural chalkland watercourse it is 
liable to be lost by percolation through porous sections of the stream bed, 
particularly if groundwater levels are low. Such a situation may arise in 
the case of borehole abstraction where abstraction itself creates a 'cone of 
depression' in the groundwater around the borehole (Brettell 1971). This 
problem has normally been overcome by situating the boreholes at a 
distance from the stream greater than the radius of the 'cone of depression' 
and conveying the water to the stream by pipeline. An alternative solution 
has been to prevent percolation loss by reducing the porosity of the stream 
bed. 
FIG. 1. Tributaries of the middle reaches of the River Stour, showing the four chalk 
streams studied and the 22 study sites. 
The most extensive trials of the latter system to date have been on the 
Gussage, a Dorset winterbourne (Fig. 1). There was the need to supple-
ment the flows in the River Allen by abstracting groundwater from a 
compensation borehole located in the winterbourne reach of the Gussage 
and to convey the water to the Allen via that stream. Between 1971 and 
1973 the stream bed between the borehole site (ST 995109) and the 
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stream's confluence with the River Allen (SU 014101) was lined for a 
distance of 2.5 km. Three different experimental lining materials were 
used: chalk, butyl sheeting and polythene sheeting (Plate 2.1). Within the 
series of lined reaches a small 200 m reach remained unlined. There were 
two other modifications to the normal environmental conditions. Firstly, 
the stream was fenced against cattle to prevent damage to the lining 
material, thus eliminating the grazing and trampling effects to which the 
stream had previously been subjected. This appeared to reduce siltation in 
the fenced sections. Secondly, normal stream maintenance practices such 
as weed cutting were intensified so as to lower the stream level, preventing 
overtopping of the lining and ensuring that an adequate quantity of 
compensation water reached the Allen. 
The Gussage therefore provided a good opportunity to study the effects 
of major environmental modifications associated with abstraction practices 
in winterbourne catchments. A study of the Gussage system has been in 
progress since 1973. To compensate for lack of adequate pre-lining data on 
the stream, comparative studies have been made on three small unlined 
chalk streams of varying flow regimes: the Crichel (a winterbourne), the 
North Winterbourne and the Tarrant (permanent discharge in the reaches 
studied) (Fig. 1). 
Data were collected from 16 sites on the Gussage. Eight of these were 
unlined winterbourne reaches and one was an unlined reach, downstream 
of the boreholes, that had previously been of a winterbourne nature. Of the 
remainder, one was an unlined permanent flow reach at the confluence 
with the River Allen and six were lined reaches. A further three sites on the 
Crichel, two on the Tarrant and one on the North Winterbourne made a 
total of 22 sampling sites. The use of such a large number of survey sites 
meant that relatively simple study techniques had to be adopted. 
The macrophyte populations were studied according to the techniques of 
Hoogers & Weij (1971). The sampling procedure involved a visual assess-
ment of the percentage cover, as seen from above, of each species or higher 
taxon of flowering plant present. Bankside and stream vegetation were 
considered separately. 
Relative abundance of invertebrates was determined from five net 
samples collected for a standard time from each site on each sampling date. 
Species scored from 0 to 5 at each site according to the number of nettings 
in which they were recorded. Pulsed DC electric fishing techniques were 
used to study fish populations. 
Surveys of the type undertaken, including qualitative and quantitative 
sampling of macrophyte, invertebrate and fish communities, produce a 
wealth of information which may be difficult to interpret by subjective 
examination alone. Sophisticated analytical techniques are available to 
condense such information and these provide a single score for any set of 
data. By comparing the scores of two samples their similarity may be 
assessed. By comparing sets of scores of particular groups, such as the 
winterbourne sites or the permanent stream sites, their similarities or 
Plate 2 Stream-bed 
lining on the Gussage 
and the recovery of the 
vegetation. Three views 
of site 15 (see Fig. 1, 
page 31). 
2.1 Laying polythene 
sheeting in the excavated 
bed in October 1973. 
2.2 Profuse bankside 
vegetation but little 
aquatic vegetation in 
July 1974. 
2.3 Dense growth of 
Rorippa nasturtium-
aquaticum in July 1976. 
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differences may also be determined. Alternatively, groups of samples may 
be established by aggregating those with similar scores. By examining the 
flora and fauna of these sites in greater detail the common factors in the 
group may be established. The techniques adopted in this investigation 
were those of Hill (1973) and Orloci (1967). An advantage of the 
method used is that more than one score can be obtained for each sample 
by effectively looking at the information from different viewpoints. The 
first two scores for each sample can be plotted against each other on a 
graph and the sample is given a two-dimensional reference like a grid 
reference on a map. If a boundary is drawn around the area on the graph 
occupied by samples from, say, winterbournes, they can be compared with 
the permanent streams by the extent to which the territories overlap. 
For the bankside vegetation, the territories on the graph occupied by 
sites that were either grazed and unlined, ungrazed and unlined or 
ungrazed and lined were drawn. This enabled the effects of stream lining 
and fencing (grazing) to be assessed. On this basis the ungrazed unlined 
sites appear to be most distinct. A feature of such sites was the relatively 
low cover of grasses. The other two groups of sites were far less easy to 
separate, suggesting that the same types of species occurred in both groups. 
If the sites are grouped naturally on the basis of their scores, rather than 
by predefined environmental features, most of the grazed unlined and 
ungrazed lined sites group together. The exceptions are the first few 
samples taken from sites newly lined at the beginning of the study. The 
early recolonization flora here, when the stream was still dry, was dis-
similar to all other samples. 
In an attempt to distinguish between grazed and ungrazed sites, the data 
were re-examined in terms of species range. Comparison of all samples 
except those from newly-lined sites produced similar seasonal trends for 
each group, but showed a consistent and marked reduction in species range 
at all grazed sites. By analysing data for individual months no significant 
differences could be determined between samples from ungrazed lined and 
ungrazed unlined sites, but significant differences were common between 
samples from grazed and ungrazed sites. 
Discharge regime was apparently less significant than the influence of 
either grazing or lining, although coincidentally two of the three ungrazed 
unlined sites that had been shown to be most distinctive were on perma-
nent streams. 
The only bankside maintenance practised was occasional mowing which 
reduced the density of vegetation but apparently not the species range. 
When samples of the stream vegetation were plotted according to their 
statistical 'grid references', boundaries were drawn around three groups: 
winterbourne samples, samples from natural permanent streams and 
samples from streams rendered permanent by artificial discharge (Fig. 2). 
The latter group in this case was entirely of samples from lined reaches of 
the Gussage. There appear to be some clear differences between the 
groups. If individual points are examined it can be shown that the most 
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FIG. 2. Plot of statistical scores of macrophyte samples from sites with differing flow 
regimes. 
distinct samples are those from dry winterbournes and natural permanent 
streams. This is very much as expected. More important is the fact that the 
boundaries of all three groups show considerable overlap. The reason for 
this is that the range of aquatic macrophytes in small chalk streams is 
small, with two, watercress Rorippa nasturtium-aquaticum and marshwort 
Apium nodiflorum, particularly important, and a further two, water crow-
foot Ranunculus peltatus and starwort Callitriche sp. somewhat less so. 
These four species, in various combinations of relative abundance, 
dominate almost all samples taken from sites that have received flow for 
more than minimal periods, and as such the lined sites cannot be clearly 
separated from inundated unlined sites in either permanent streams or 
winterbournes. 
If the samples are grouped naturally on the basis of their statistical 
scores, rather than on their respective flow regimes, three major groups are 
detected. The first of these is small and is dominated by one deep, 
DIRECTOR'S REPORT 35 
slow-flowing site on a permanent stream where Callitriche sp. 
predominated. The other two groups contained samples dominated by 
Rorippa or Apium respectively. Examination of these samples shows that 
those dominated by Rorippa tended to be from sites that had received 
several months' flow whereas Apium was more important in dry stream 
samples or at newly-inundated sites. The Rorippa-dominated group can be 
split up into two separate groups. In one of these Ranunculus is co-
dominant. This group includes a large percentage of samples from rela-
tively shallow sites on fast-flowing permanent streams. 
FIG. 3. Plot of statistical scores of invertebrate samples from sites with differing flow 
regimes. 
The importance of stream maintenance practices is apparent when 
groups of sites are examined in terms of the dominant aquatic macro-
phytes. The dominant macrophytes at each site may for this purpose be 
considered as the one or two species at the site which together produce over 
50% of the mean cover by aquatic macrophytes during the study period. As 
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suggested above, Apium alone dominated the winterbourne sites. These 
sites were uncut in the study period. Natural permanent stream sites, 
which were also uncut, were dominated by Rorippa and Callitriche in deep 
slow-flowing reaches, or Rorippa and Ranunculus in shallow faster-flowing 
reaches. Amongst the lined Gussage sites two were uncut and there 
Rorippa alone was clearly dominant. Although Ranunculus occurred, it 
was more rapidly overgrown in spring than at the wider permanent stream 
sites. In contrast, at the lined Gussage sites where the weed was cut, the 
dominance pattern totally broke down, and no two species between them 
reached 50% of mean aquatic macrophyte cover. 
The effect of fencing was difficult to assess as the grazed sites were all 
on winterbournes. The most probable impact of grazing was the reduction 
in absolute rather than relative abundance of the species present. 
The invertebrate samples were plotted in the same way as the macro-
phyte samples. Boundaries were drawn to enclose samples in three groups 
with different flow regimes (Fig. 3). This time the group with artificially 
maintained discharge included one unlined reach of the Gussage 
downstream of the boreholes, and the group of sites on natural permanent 
streams included an unlined permanent flow reach on the Gussage. 
Statistical analysis showed that samples from the winterbourne sites and 
the unmodified permanent stream sites are quite distinct, despite the fact 
that no samples were taken from winterbourne sites during the dry phase. 
This emphasizes the difference between the fauna of an intermittent and a 
permanent stream and suggests that alteration of the flow regime could be 
a very significant factor. Where the flow regime has been changed, as in 
the 'Gussage downstream of the borehole, the samples occupy an 
intermediate position, having moved away from their original 
winterbourne character towards a permanent stream fauna. Within this 
group of modified sites there is no apparent gross difference between the 
invertebrates of unlined reaches or of any type of lined reach. 
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